Abstract: Pollen morphology of 21 taxa belonging to 16 genera of the subfamilies: Ajugoideae, Scutellarioideae, Nepetoideae and Lamioideae from Mongolia were studied using scanning electron microscope (SEM). Pollen morphology in the family Lamiaceae pollen showed considerable variation in size (very small, small, medium to big), shape (prolate-spheroidal, subprolate to prolate) and exine ornamentation (tricolpate and hexacolpate; tuberculate, microreticulate, bireticulate or polish). Our study suggests pollen characters could be a useful tool to differentiate varies between genera in the family Lamiaceae. The tricolpate pollen were found in the genera belonging to subfamilies Ajugoideae, Scutellarioideae, Lamioideae, whereas, hexacolpate pollen were found in genera belonging to the subfamily Nepetoideae.
Introduction
The Lamiaceae is one of the largest Angiosperm families, comprising approximately 240 genera and more than 7,000 taxa distributed throughout the world and is economically very important (Harley, 2003) . In the flora of Mongolia, Lamiaceae are one of the ten largest plant families, represented by 89 taxa belonging to 24 genera, and four subfamilies (Badamtsetseg, 2010) .
Pollen grains can be preserved in soil for a long period of time and its morphology could be accepted as a conservative character for classification and to establish the evolutionary history of plants as well. In general, the shape of pollen grains is specific to the taxonomic ranks, such as family, genus and species. Therefore, as an important feature, the morphology of pollen is often used in resolving systematic problems and inferring the phylogenetic relationships (Erdtman, 1943; Punsalpaamuu, 1999) .
Pollen morphology in the family Lamiaceae has earlier been worked out by many researchers (Asu-Asab and Pozhidaev, 1992; Martonfi, 1997; Moon et al., 2003; Kahraman et al., 2009; Jang et al., 2010) . Martonfi (1997) studied the pollen morphology 11 taxa of Thymus, (sect. Serpyllum from Carpathians and Pannonia) and found the aperture mostly as hexacolpate, the shape variation from suboblate to euprolate, exine ornamentation as bireticulate and an interdependence between the pollen morphology and chromosome numbers. Moon and Hong (2003) studied pollen morphology of 15 taxa of the genus Lycopus, indicating the genus as stenopalynous: thus limiting the value of pollen characters for taxanomic applications.
Jang, Jeon and Hong (2010) studied pollen morphology of 18 taxa of the genus Elsholtzia, revealing several pollen morphological characteristics that may be of systematic importance.
However, palynological studies on the family Lamiaceae in Mongolia have not been carried out in detail. A few taxa which have been worked out earlier are Dracocephalum ruyschiana, Phlomis tuberosa, Thymus gobicus etc. (Punsalpaamuu, 1999 (Punsalpaamuu, , 2001 . This paper presents a comprehensive, systematic survey of Lamiaceae pollen of 16 genera out of the 24 found in Mongolia. Pollen characters are presented in detail and the observations are discussed. Ertman (1945) suggested the size range of pollen grain like as followed; the very small to under 10 µm, the small between 10-25 µm, the medium between 25-50 µm, and the large between 50-100 µm.
Material and Methods
The present study is based on the materials collected from the herbarium specimens of 21 taxa belonging to 16 genera of the family Lamiaceae (Table 1) . Which were housed in the following herbaria: UBA, UBU, ALTB (acronyms *To whom correspondence should be addressed.
Tel: +82-42-601-7953 E-mail: batamtsetseg@yahoo.com follow Holmgren et al., 1990) and MNHM (Mongolian natural history museum). Samples were prepared for light microscopy (LM) and scanning electron microscopy (SEM) using the prolonged acetolysis method of Abu-Asab and Cantino (1989) , modified from Erdtman (1960) . For LM pollen grains were mounted on slides in glycerin jelly. Measurements and morphological observations were made with an BX-40 microscope (Olympus). Measurements of polar axis (P), equatorial diameter (E) and colpus length (CL) were taken of 20 pollen grains per species under the LM (×400).
For SEM, pollen air dried using 95% ethanol was mounted on a glass cover slip attached to an aluminum stubs with double sided cellophane tape, and air-dried at room temperature under an inverted flask. Specimens were coated with gold using a JSM-5200 ion sputter (JEOL), then observed in a S-3400N (Hitachi) at 20 kV and photographed. The shape, size and exine ornamentation were studied follwing Erdtman (1943) , Erdtman (1945) , Moon (2008) respectively.
Pollen morphology descriptions carried out with the method of Asu-Asab and , Martonfi (1997) , Punsalpaamuu (1999 Punsalpaamuu ( , 2001 ), Moon et al. (2003) , Kahraman et al. (2009) and Jang et al. (2010) .
Results
We studied pollen morphology of 21 taxa belonging to 16 genera of Lamiaceae found in Mongolia. Morphological variation in Lamiaceae is described below for the size, shape, exine ornamentation and number and size of apertures of the pollen. Representative pollen characters and including Table 2 . Overview of palynological characters of all studied taxa of Lamiaceae. Numbers refer to minimum-mean-maximum for E, P, E/P and CL. P is polar axis, E is equatorial diameter, P/E is ratio of polar axis and equatorial diameter, CL is colpus length, SE is exine ornamentation. P/ E is 1 -1.14 reffer to prolate spheroids; P/E is 1.14 -1.33 reffer to subprolate; P/E is 1.33 -2.00 reffer to prolate all investigated species in Lamiaceae are summarized in Table 2 . Representative pollen grains of Lamiaceae are illustrated in Plate 1-6.
A. Size
Size of pollen grain was found varying from 10 to 100 µm. In Lagochilus diacanthophyllus it was found very small, P=7. 50-8.03-10.00, E=3.50-4.65-5 .50 µm, in Scutellaria baicalensis, Lagopsis marrubiastrum and L. supina were small, whereas in 16 taxa (Amethystea coerulea, Nepeta nuda, Schizonepeta annua, Dracocephalum foetidum, D.
Ruyschiana, Eremostachys molucelloides and etc.) it was medium in size. It was considerably large in Dracocephalum grandiflorum, P=35.00-52.63-60.00, E=22.50-29.88-37.50 µm (Table 2 ).
B. Shape
We decide the ratio of polar axis and equatorial diameter as follows: P/E=1.00-1.14 is prolate spheroides, P/E=1.14-1.33 is subprolate, P/E=1.33-2.00 is prolate. The pollen of Ziziphora clinopodioides included under prolate spheroidal (Plate 4); whereas five taxa, viz. under the prolate category.
C. Number and size of apertures
The apertures of pollen grains of Lamiaceae were observed as tricolpate (3) and hexacolpate (6) (Plate 1-6). Pollen grains of genera Nepeta, Dracocephalum, Schizonepeta, Origanum, Thymus, Ziziphora, Hyssopus belonging subfamily Nepetoideae are hexacolpate, whereas, others belonging to the subfamily Ajugoideae, Scutellarioideae, Lamioideae are tricolpate (Fig. 1) .
D. Exine ornamentation
The exine ornamentation of pollen grains of Lamiaceae was classifiable to four types: tuberculate (Amethystea coerulea), microreticulate (five taxa), bireticulate (13 taxa), and polish (two taxa) (Fig. 2 ).
Discussion and Conclusion
Pollen grains of 21 taxa belonging to 16 genera of the family Lamiaceae shown variation in shape and could be categorized under three types: prolate spheroidal, subprolate, prolate whereas their apertures were noticed as tricolpate or hexacolpate. Their exine ornamentation was observed as tuberculate, microreticulate, bireticulate and polish.
Earlier workers noted that the pollen grains of Lamiaceae could be tricolpate (tetracolpate) and hexacolpate (heptacolpate, octacolpate) (Punsalpaamuu, 1999; 2001 ) but we could not find tetracolpate, heptacolpate, and octacolpate pollen doring our study.
We agree with Cantino et al. (1992) that the genera with hexacolpate pollen should be included under the subfamily Nepetioideae, whereas the genera with tricolpate pollens to other subfamily.
Characters of pollen grains viz. size, shape, exine ornamentation and number and size of apertures are important and deciding factor for the systematic study of various genera under the family Lamiaceae. Our study suggests further comparative studies on the other species belonging to other genera of Lamiaceae.
Plate 1. Amethystea coerulea (1-4), Scutellaria baicalensis (5, 6), Nepeta nuda (7, 8) .
